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設備備品費 傲?YV儂?国内旅費 丶??yN?謝金 ?ｸ,ﾉ??ﾔ接経費 俘xﾇb?
平成12年度 田津?R?6,951 ?ﾃCsR?40 售???519 ??11,900 
平成13年度 田"ﾃCS2?9,570 釘ﾃ3??,715 ?ﾃ鉄?1,521 ??14,600 
平成14年度 ????41,073 釘ﾃ#モ?,630 ?ﾃs??,310 ??8,900 
平成15年度 ????30,504 釘ﾃ3C2?,203 ?ﾃ??5,110 ??8,400 
平成16年度 ?? ?? ??,500 ??,500 






10: 00-12 : 00　東北大学ベンチャービジネスラボラトリー見学
12 : ㈹～13 : 00　昼食時間: (総括班会議:昼食を兼ねて)
特定領域B ｢ナノ構造創成のための光メカトロニクス｣合同講演会
｢最新の近接場技術とマイクロ･ナノマシニング｣
13: 00-13: 10 ｢イントロ｣羽根一博(東北大)
13 : 10-14 : 00 ｢近接場と非線形が拓く新世紀ナノフォトニクス｣河田聡(大阪大)
14: 00-14: 50 ｢ナノメカトロニクス｣川勝英樹(東衷大)
15 : 05-15 : 55 ｢ナノエンジニアリングを目指す超微細プローブ｣小野崇人(東北大)






























































































































































10 : 10-10 : 30　｢近接場光を用いた原子偏向器および原子ファネルの開発｣　東京工業大学　伊藤治彦
10 : 30-10 : 50　｢近接場光メモリと単一分子光メモリ｣九州大学　入江正浩
10 : 50-ll : 10　｢アクチュエータ集積化Bov-tie型近接場プローブ｣東北大学　小野崇人
ll : 10-ll : ∽　｢立体的なシリコンマイクロマシこングと集積化技術｣東北大学　羽根一博
ll :30.-ll :40　質疑応答
招待講演1 (ll:40-12:20)司会　東北大学　羽根一博
ll : 40-12 : 20　"A Eighbpacity Themonechani租l ZhtaStorage System Using Arrays Of Kicrmtilevers









































































































13 : 00-13 : 30 1分子観察･ 1分子操作で探る生体分子モータの科学東京大学野地博行
13: 30-14 : 00　局在フォトンで見るナノ世界:近接場光分子イメージング大阪大学井上康志
14: 00-14 : 30　ニアフィールド偏光顕微鏡によるナノ応力イメージング東京農工大学　梅田倫弘
14 : 30-15 : 00　ナノ振動子と100万プローブの走査型力顕微鏡東京大学川勝英樹
15 : 00-15 : 30　マイクロマシンとナノプローブ東北大学小野崇人
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For precise control of atoms, we dev/elopedanatom deflector using a repulsive dipole force from
blue-detuned near-field light induced in a manometric slit. The 1(氾-nm wide slit was fabricated inan
SOI substrate through photolithographyandanisotropic chemiCaletching･ The denectionangle for a
Rb atom was afunction of light intensity, frequency detuning,and atomic velocity. To detectthe
deflected atoms, we developed a highsensitive atom detector using two-Step Photoionizationwith
two-Color near-field light induced in a nanometric slit. The 50× 100airay wasalso fabricated in an
SOI substratethroughphotolithographyandanisotropic chemiCaletching. The detection efficiency
for cold Rb atoms was estimated to exceed 0.I. h addition, we developedanatomfunnel uslng near-
field light to generate a cold atomic beam suitable forthe near-field opticalmanlPulation･ The cold
atoms fallenfrom a magneto-opticaltrap were collected atthe bottom of aninverse triangular
hollow prismthrough multi-renectionand Sisyphus cooling. Cold Rb atoms witha什ux intensity of
105 atom/S ･ cm2 were outputted out ofanexit hole witha diameter of 200 pm･ These techniques will
be applied to atom-by-atom deposition as well as study of microscopIC Or meSOSCOPIC interaction
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Photon･mode opticalrecording using newly synthesized photochromic memory
media and a near一丘eld optical microscope was Carried out. Diarylethene derivativeS
having bulky 2,4-diphenylphenyl substituents undergo thermally irreversible and
fatigue resistant photochromic reactions inthe bulk amorphous state. Buk
amorphous thin mms were prepared by SPln･COating toluene solutions of the
Qi.arylethenes on glass Substrates and uSedforthe memory media. The bulk
amorphousthinfi1ms havetheglaSS transition temperature above 80oC. The Glms
were imitialized upon irradiation withUVlightand then small spots and narrow
lines were recorded using a near･fieldtip having the exit diameter less than60 nm.
532 nm laser light was used forthe recording. Sman Spots and narrow lines less
than100 nm were recorded onthe m血s using near･丘eld 532 nmlight and erased by
irradiation withUVligh七. One of the advantages of photon一mode optical recording is
that each single molecule can store a bit of opticalinformation. We have prepared a
fluorescent photochromic molecule･ which is _composed of a dithienylethene
photoswitching umit and afluoreSCent diphenylanthracene unitand used aLS the
memory media. A confocal microscope equipped withan APD detector was used to
meaSurethefluorescencefromthe Single molecules. Digital fluorescence switching
of the single moleedes by alternate irradiation with UV and viSible止ght was
observed･ The light power required for recording was extremely low. This isthefirst
observation of photoswitching of Single molecules and can be potentially applied to
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ln this reSearCh･ we developedmicromachined nearfieldlight sourcesand related variousmicroprobes and
theirmicmsyStemS in order to achieve a high品solutiOn inaging and processing in nanoSCale. The fabrication
teclmique for a sman apertt-witha dimension of below 20 nn was developed and apphed to nakingthe
hybridmicroprobe for a near丘eldmicroprobe/scanning probemicroprobes･ The fabricated probes e血ibit a
very highoptiCaltransmittance of～2% at the diameter of lOOnJn due totheir large opemigangle of the probe
atthe tip apex･ which was about lOOOtines lagerthanthat of conventionalopticalprobe･ This highOptical
property makes this probe uBefu1forfuttue opticaldataand we deJnOnStratedthe opticaldata recording on a
phase change material･ However･the transmittance was rapidly decreased aS decreaBingthe aperttlre Size
below 100 nm･ In order to overcoznethis dec柁aSe･ We proposed BLnd fabricated a bow･tie antenm opticalprobe
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A new opdcal conGguJdm for a n飽rfield scaming opdcdmiqoscopewith bir威喝ence contrast imaging is descdbed.
A fast aJld a∝urate bireBing軌Ce megLSurement System has b伐n installed into an illuminadon mode n飽rfield
microscope･ A bi血gcnce is m飽Sured by using lea and dght haJld circulady polarized laser b郷nSwithdiqerezlt
Bequencies, which are generated by an axial Ze-an laser. A sample is illuminated bythe light of two dmlarly
poladzed components thrmgha Gber probe dp･ The 也-emeJd characterisdc of the dcveloped町Stem aJld images of
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Combination A vibrationar spectroscopy with near fie一d optics provides us information
of molecules at nanometric scale. ln this research, We have attempted to establish near
fieJd vibrational spectroscopy, i.e., Raman spectroscopy and infrared absorption
spectroscopy having super-resolving capabHty. For the former, we empJoy a meta=c tip
which enhances light field strongly at its apex and amp一ifies Raman scattering of
morecuJes by a factor of ca. 2700. Using this technology, We succeeded in measurement
of near.field Raman spectra of nano-crystal of DNA-base adenine molecuJes and a
sJngle-wa" carbon nanotube. SpatiaJ resolution of　30nm has been achieved.
Furthermore, we have attained the nano-sca一e characterization of mo一ecules; a diameter
and chirat vector of the carbon nanotube were determined from the spectra. For the
latter, we empfoy tunable mid-infrared lasers having an emitting wavelength ranglng
from 3 LJm tO 1 5 pm (free electron laser and optical-parametric differential-frequency
generation) and a cantilever tip having an aperture at its apex. We successfulIy
observed areas of molecular change in cholesteryl oleate which was decomposed to
cholesterol and fatty acids by the FEL irradiation tuning to a 5.75 LJm (absorption
waveJength of ester bonding). We also achieved near field fabrication of photoreist film
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Weinvestigate analtemative method to detect the opticalnear Beld as a force. This method is based
on the su血ce potentialchange onthe semiconductor tipinduced by the optical near Beld.
Noncontact atomiCforcemicroscopy (AFM) witht he &equency modulation detection technique is
used to detectthe force acting on the semiconductor tip, because of the high sensitivity due to a
very high･Q value of the cantilcverina vacuum･ Not only the surface potentialchange due to the
optical near Beld･ butalso the non-umifome work function of the su血ce affecttheforce. So, We
Propose a novel method to measure only the forceinduced by the surface potentialchange due to
the opticalnear丘eld･ Images of the topography andthe optical near丘eld are simultaneously
Peasuredfor self-assemble monolayer (SAM) onanthinAu血m evaporated on the prism･ TY,ese





































抽出するために､プリズムに入射させるレーザー光を周波数牝で変調し(∂¢c o sa'L i)､
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Nanometric cantilevers were fabricated by anisotropic etching of silicon by KOH･ Since
the crystalline facets were used to definethethree dimensional shape of the structure,
the cantileversandtips were little affected by the acctlraCy Ofthe photolithography
technique･ A laser Doppler interferometerwith an optical excitation function was
implemented to exciteand measurevibrations of the cantilevers･ Measurement up to
l00MHz was confirmed,witha resoludon of fm order･ The opdcs was applied to
dynamic mode lateralforcemicroscopy,and atomic resolution of silicon was observed
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Mechanical FoⅣe Required fわr Membrane Protrusion Fomation
Living ceHs develop their own characteristic shapes depending on their
physioJogJCaJ functions･ Their morphoJogJeS are based on the mechanical characteristics of
cytoskeJeton and membrane. Toanalyzethe transformation mechanism of membrane vesicles
quantitatively, we have developed a method to apply mechanical fわrce onto a liposome
membrane by using double beam1aser tweezers･ We also developed the method to prepare
liposomesthat encapsulated a few polystyrene beads.
A spherical liposome transformed into a lemon shape withincreaslng the tension,
subsequently a tubularprotrusion of membrane was generated at either end of the lemon-
shaped liposome･ This process is similar to the liposomal transfbmation caused by elongation
or encapsulated cytoskeletons･ In an elongation stage or the lemon shape, the stronger fわrce
became required asthe end-to-end length increased･ However, Just aS a Protrusion was
generated, the force suddenly decreased from ～ll pN t0 -4 pN･ After the protrusion
developed, the magnitude (4 pN) was kept constant regardless of the elongation or shortening
of the protrusion･ These results indicate that lipid membrane canformthe membrane
protrusion by mechanical force alone without theaid of cytoskeletons･ Independently of the
length of a protrusion, about 4 pN is required to maintain the protmsion on a spherical
membrane vesicle･ Quantitative data indicate that membrane-protrusion fわrmation is based on
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This study was carried out to realizethemicroactuatorthat canbe integratedinthe
nearfield optiCalmulti-probe町Stem･ Theintegration ofthemicroactuatorinto each optical
probe is necessary to operatethe pr6beindividually forthe pararel processlng･
We have investigated　and developed　the　three-dinensional　micromachining
teclmologiesthat ace usefu1forthe fabrication ofthemicroactuator. UV laser CVD techmique of
the conductive materials at low temperature was developed･ Organic Pt asthe source ofthefilm
and oxygen asthe carrier gas were used. The conductive filmwas obtained at 40 oC. The
anisotropic etching process of polymer uslng ECR ion gunwas developedand used for
血bricatingthe light guide structurewithanactuatorandthe electrostatic microactuator
mentioned below
We havealSo proposedand developed宣1cctrostatic Micro ActuatorwithDistributed
⊆iliary f!ectrodes (E-Maccel)･ This actuator consists of two flXed electrodes having mry
oblique ciliary electrodes distributed onthe plate, which like foxtail grass,and a movlng
electrodethat is姐ndwiched bythe fixed electrodes･ The E-Maccel was fabricated by
micromachining･ The ciliary electrodes were made oftw0-layer polyimidefilm･ The 4382 ciliary
electrodes, each of which was 3pmthick, 300pm longand 150pmwide, were fabricated on a
20rnm x 20mm Pyrex glass plate･ The fabricated E-Maccel was driven,andthe movement of9.6







































































































































































































5 ) Kazuyuki Minani and Shuichi Yano, Electrostatic Micro Actuator with Distributed










we have developed "ovel anisotrDpic SiO2 etching prcNnSSwithoⅥt bias甲wq
supplyformicronaChining p-弧d a near一点eld opdcd lithogmphy tulng a
noyel stqw･rcsoludon near一丘eld structure (super･ RENS) tlSing diarylethen. hthe
anisotropic SiO2 etching 坪oo-, we have proposed a novel SiQ2 etching process
employing a pulse･moddated electmn-bean<xcitcd pl郎ma四BEP). Fmmthc
etching characterisdcs, the pulse-moduhted EBEP has bcmfound to have A great
poteI血l tbtthe anisotmpic SiO2 etching is realizcdwithod thcmd dam喝e and
with afew ten dnes higher etch rate thanthose of the convezIti0血pmsS¢S. Inthe
supcr･resoludon ncq-field structure, hthe super･RENS,the protcction･1ayer is
direcdyforned on a photo･reSist皿d then the hyer of diaqlethenc is also direcdy
foned on the pmtecdon･hycr･ The super･RENS is easily removed丘omthe
photo-resist in the development pm職･ nerefore, the problems of the convetltional
super-RENS･ S血as the contactwith photo-resist,打e SOIvcd bythe novel
super･RENS･ We have carried out the ncapfield opticd lithography twingthe







原子ビームエッチング07ast abmiCぬm etching: FABE)やイオンビームエッチング(Ion beam
etc血g: mE)が用いられる｡しかし､これらの手法におけるエッチングレートは､数十nn/hh
患度と反応性イオンエッチングと比較すると非常に遅く､その改善が求められている｡そこ
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Fig, 1･1軸血sehJP蝕SiQ ebhhgcn軸喝





Fig. 1 1 Ten,C,hn ｡fsub地as a触cd.(:).fdu.,
Tdo ofpulse moduhdon (a) aJId etch proGles using
DC-仲) and pulse modula地d pulse-modulated EBEP(C)
Fig. 13地色hicahd孤an申ical丘ね
ty tdhg pubcdOddad EBW
面をそれぞれFig 1.2(b)とFig 1.2(C)に
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